ABSTRACT
Introduction
The USA and World are moving toward managing land for ecological, economic, and societal values. While considerable attention has been devoted to assessment and monitoring of species, populations, and ecosystems, relatively little has been devoted to assessing human use of relatively intact ecosystems, including participation rates, activity patterns, and ethnic differences in resource use. Both managing and restoring degraded ecosystems depends not only on understanding the structure and function of ecosystems, but human use and values.
Restoring degraded ecosystems and natural resources is an important activity for federal and state governments, Tribal Nations, scientists, managers, the private sector, and the public. An important component of management is characterizing the current state of the ecosystem, and its degradation, including determining the appropriate and desired outcome, as well as human use [1] [2] [3] . Assessing contamination, evaluating ecosystem damage, and considerations of future land use require an understanding not only of hazard identification, contamination assessment (temporal and spatial patterns), and ecosystem evaluation (injuries at the individual, population, community and ecosystem level), but an assessment of human use.
Burger et al. [4] suggest that while most economists and other Western scientists value the goods and services that ecosystems provide, subsistence and Native Americans have a broader, more holistic view of the interrelationship of natural and cultural resources. A healthy ecosystem is one that supports its natural plants and animals, as well as sustaining the biophysical, cultural, and spiritual health of native peoples [5] [6] [7] [8] [9] [10] [11] . They suggested that 1) subsistence and tribal peoples view natural resources holistically and combine traditional goods and services together rather than considering them separately, 2) many individual, religious and cultural activities encompass a holistic view of nature (intact, not-degraded, and not polluted), and 3) resources considered to be cultural by Western scientists have a natural resource base as an integral part of cultural use by Native Americans (e.g. a sacred ground includes man made and the physical environment [4] ). Thus, assessing human use of natural ecosystems (or restored ecosystems) should also include understanding whether people, particularly Native Americans, use the lands for religious and cultural purposes.
There are nearly 600 recognized American Indian Tribes in the United States, and many are located near contaminated lands that were once their traditional tribal lands. Understanding how Native Americans and others use the land, what percentage engage in different types of activities, and the frequency of engagement is critical to assessing and monitoring potential exposure. The assessment of resource use by people is particularly critical where multiple land uses are concerned [12] , or where different ethnic groups may use the land in different ways.
This paper examines human use and activity patterns of subjects interviewed at four venues in Idaho, Tennessee, New York and New Jersey, focusing on location and ethnic differences (particularly Native Americans and Caucasians). All four venues were in the vicinity of Department of Energy (DOE) sites, where environmental restoration and management are aimed at reducing risk to humans and the environment [13] [14] [15] , and where there are important ecological resources [4, 16] . Three types of activities are explored: consumptive, non-consumptive, and religious/sacred. Understanding the activity patterns is also important because it fits within the DOE's environmental justice program for fair treatment and meaningful involvement for all people, and to ensure that fair treatment such that no group bears a disproportionate share of negative environmental consequences [17] .
Methods and Protocol
Our overall research design was to interview people attending four events (or series of event) near major DOE sites. These included 1) the Julyamsh Pow Wow (=In-dian festival) at Post Falls, Idaho (in region with Hanford Site), 2) the Shoshone Bannock festival at Ft. Hall (near the Idaho National Laboratory), 3) Pow Wow on the Mountain in Cookeville (near Oak Ridge Reservation in Tennessee), and 4) Gateway to Nations in Brooklyn New York and the Sussex County Pow Wow in New Jersey (near Brookhaven National Laboratory, combined because of their proximity) (Figure 1) .
We selected these events because we expected there to be both Native Americans and Caucasians. All were in the region with well-known contaminated DOE sites, and we expected there to be an adequate sample of both Native Americans and others. The events attracted a general public and not just people interested in natural resources, and the events went for several days, providing the opportunity to interview a sufficient sample of subjects. Further, these were festivals in which hunting, fishing, camping or other outdoor activities were not featured, and a cross-section of people might be expected to attend (albeit people interested in Native American culture).
Our overall protocol was to use structured interviews, employing a questionnaire to assess resource uses, perceptions about the features of the environment that were important to them, resource activity rates (by consumptive, non-consumptive uses, and religious/sacred), perceptions about Natural Resource Damage Assessment and resource restoration, and perceptions of who should restore natural resources. The data for this paper only includes participation in activities and activity rates.
All questionnaires were administered by trained personnel who had conducted these interviews in the past. The interviews required between 20 min and 40 min, depending upon how many activities subjects engaged in, and how many questions subjects asked about the survey or natural resources. People were interviewed while they waited in lines or for activities to begin, and few people declined to be interviewed. Interviewers first introduced themselves as from Rutgers University, and explained the overall purpose of the survey. We randomly selected a person for the interview, and after completing the interview, moved at least three meters in a transect across the fair grounds, to select the next prospective interviewee. In some cases we moved along a waiting line in this manner, and in other cases we moved through the crowd in this manner. Subjects were not selected completely randomly, but there is no reason to assume a bias in our selection process. Rather, the data are used to examine locational and ethnic differences useful for managers to consider.
The questionnaire was divided into sections that included demographics, rating of the importance of environmental features by consumptive and non-consumptive activities, frequency of various activities (and relative importance of each), and questions about Natural Resource Damage Assessment and restoration. Demographic information included age, gender, education, family income (asked at the end of the interview), self-identified ethnicity, self-identified tribal affiliation, and whether they had ever worked for the Department of Energy.
We asked whether they hunted, fished, crabbed, gathered herbs or berries, or engaged in other consumptive activities, and then asked them to provide information on their activity rates. We asked them to rate the importance of different activities on a Likert scale of 1 [unimportant] to 5 [very important]). We also asked them to rate (on a scale of 1 -8) eight different activities, where only one activity could be rated 1, and only one could be rated 2, and so on. We also asked about non-consumptive activities, such as hiking, bird watching, biking, camping, picnicking and other, as well as religious/sacred activities.
We used Kruskal-Wallis χ 2 tests to distinguish differences among Caucasians and Native Americans within and among sites [18] . We accepted P < 0.05 as significant, and give means and standard errors in the text and figures. As with all survey research, the results reflect the populations interviewed and are not necessarily representative of either specific groups of Caucasians or Native Americans.
Results

Demographics
There were demographic differences in the subjects among the four study sties ( Table 1) . A higher level of education was obtained in subjects interviewed in Post Falls and New Jersey/New York than the other locations. Although the educational levels varied by site for both Native Americans and Caucasians, the differences were greater for Caucasians than for Native Americans. Income tracked education in that the places with the lower levels of education (Ft. Hall and Cookeville) had significant lower mean incomes than those from the other places: incomes from subjects interviewed in New Jersey/New York were significantly higher than those of subjects from other sites. Although there were significant differences in age among the locations, the differences were small (mean age varied from 44.2 to 47.5 years ( Table 1) . Overall, for all subjects combined (N = 1261), Native Americans had less education and had lower incomes than did Caucasians.
Participation Rates
One measure of potential use of an area, and thus potential exposure if sites are contaminated, is the percent of people that engage in different activities. Overall, between 52% and 76% of the subjects interviewed, depending upon the location, engaged in consumptive activities, 84% to 89% engaged in non-consumptive activities, and 64% to 76% of the subjects engaged in religious/sacred activities ( Table 2) . Participation in fishing was higher than for other consumptive activities. In several locations there was a higher participation rate in gathering herbs and berries than in hunting. There were significant locational differences for all activities, except crabbing (few people engaged regardless of location) and some religious activities. For all 4 sites, a higher percentage of Native Americans engaged in consumptive activities (fish, hunt, gather) than did Caucasians (Table 2, Figure 2) . A higher percentage of Caucasians engaged in specific non-consumptive activities than did Native Americans (except for camping). For all sites, a higher percentage of Native Americans engaged in religious/sacred activities than did Caucasians, and these differences were also consistent within sites ( Table 2 ).
Activity Rates
A second measure of land use and potential exposure is activity rates (mean number of days/month) for different activities. Activity rates were computed only for those people who engaged in each activity, since to do otherwise is biased toward lower activity rates (because of the large number of 0 days). Activity rates for hunting/fishing/crabbing and for collecting herbs and berries, the two consumptive activities we asked about, were lower for all four sites, than were non-consumptive activity rates (bird-watch, hike, pray, Table 3 ).
Several conclusions can be drawn from Table 3 and Figure 3 : 1) there were significant location differences for 6 of the 8 activities, 2) there were location differences when only Native Americans are considered for all but communing with nature, 3) there were location differences for only 2 of 8 activities for Caucasians, 4) when all subjects were lumped, there were differences between Native Americans and Caucasians for only 5 of 8 activities, and 5) subjects had the highest rates for commune with nature and pray or meditate for all locations. The greatest location difference for Native Americans was for hiking/biking/walking; rates were highest for New Jersey/New York. The greatest location difference for Caucasians was for fish/hunt/crab; rates were highest for Ft. Hall.
Most Important Activities
In the previous two sections, subjects provided information on whether they engaged in particular activities, and if they did, how often they engaged in these activities. However, subjects were also asked to rank the importance of 8 activities, where they could integrate their own participation with their cultural values. That is, subjects provided a value judgement for the importance of these activities to them. For example, people who do not engage in hunting might well believe hunting is important. In general, pray or meditate was given as the most important activity for most people (regardless of ethni-city), except for Ft. Hall, where fishing/hunting was more important for Caucasians (Figure 4) . Commune with nature was the second most important activity for both Cooke- ville and New Jersey/New York, and was tied for second at Post Falls.
Discussion
Overall Participation and Activity Rates
There is an extensive literature about hunting and fishing and other consumptive activities [19] , and on recreational activities and leisure activities [20] . Activities of Native Americans, which often involve a full range of both consumptive and non-consumptive activities, have been well documented for some American Indians and Alaska Natives [21, 22] . These papers, however, neither compare Native Americans with others, nor include consumptive, non-consumptive, and religious/cultural separately (but see Harper et al. [22] for only Native Americans).
The difficulty partly is one of terminology because there are several different ways of talking about activities performed in nature. In this paper, activities that clearly were consumptive (e.g. hunting, fishing, gathering), nonconsumptive (picnics, walking, biking, bird-watching), and religious/cultural (communicate with nature, pray or meditate, vision quest or other ceremony) were examined. Subjects could participate in any or all of the activities, and if they participated, could give estimates of their rates for each activity.
Overall, the greatest participation was for religious/ sacred activities, followed by fishing, camping and hiking, and then picnics. Participation rates, and activity rates, provide information that can be used by resource managers and land use managers to predict the types of resources to enhance or manage to meet the needs of the public. This type of information also provides insights into possible conflicts among users. The relative lower rate of hunting in Cookeville suggests less conflict with other, non-consumptive uses. Further, the relatively high rate of participation in fishing indicates that these resources are vital to local communities, and may require active management.
The activities the survey examined dealt with specific activities (e.g. hunt, fish, hike, camp), and not what they did or thought while engaging in these activities. However, when asked to rank (from 1 to 8) different activities, categories were combined (into hunt/fish/crab), and commune with nature was added. Commune with nature, along with engaging in religious/sacred activities were given as the activities that were "most important" to subjects. This illustrates that communing with nature is a key and important aspect of activities performed in wild environments, and suggests that this needs to be considered as an "activity" by scientists, in addition to more traditional hunting, fishing, camping and hiking.
Commune with nature, as well as hiking/walking, are activities that can be performed in small and nearby natural environments, while hunting, fishing and sacred activities may require larger natural environments that may be farther away. Subjects noted in conversa-tions that they often went to small parks, woodlots or other natural areas close to home to commune with nature or walk, while they often had to travel long distances to reach sacred grounds, or engage in camping.
Location Differences
Participation and activity rates varied among sites. Fishing participation rates were lower in New Jersey/New York, hunting was lower in New Jersey/New York and in Tennessee, gathering was higher in Post Falls, and camping and hiking were higher in the northwestern United States than for the other sites. Partly these differences may relate to availability of suitable habitat (e.g. there are fewer hunting opportunities nearby in New Jersey/New York than in the northwestern United States). However, they are likely due to cultural differences since there are places to hunt in all regions.
The remarkable similarity in the percentage of people engaging in each specific activity across the four sites indicates a general preference for these activities. This provides some uniformity in management directives that suggest that hiking, camping, and fishing are the high use activities. The further emphasis on religious/sacred activities supports the importance of relatively undisturbed environments.
Native American versus Caucasian
While several authors have described the holistic view of Native Americans about the natural environment [4, 8, 23] , few have examined the participation and activity rates of Native Americans and Caucasians living in the same region. While ethnic differences were present for some activities at some sites (particularly Post Falls and Ft. Hall), there were no significant ethnic differences for many consumptive and non-consumptive uses. Further, when overall consumptive and non-consumptive were considered (that is, did each subject engage in any consumptive or non-consumptive activity), there were no ethnic differences in non-consumptive, and no ethnic difference for subjects at Ft. Hall.
The ethnic differences in consumptive activities were greatest for Post Falls and New Jersey/New York. In both sites, Native Americans engaged in higher rates of consumptive activities than others, suggesting a particular need to track these differences, and manage resources accordingly. Ethnic differences in non-consumptive specific activities were less clear. It may be that Native Americans engage in camping, for example, as part of hunting and fishing trips, while others engage in camping as part of bird-watching or hiking. Thus, the overall activity (camping) did not generally vary by ethnicity (except for Post Falls), but the reason for doing so did.
Exposure and Management
The data presented in this paper can be used to understand potential exposure, both in terms of the percent of the population that may be exposed, and to the levels of exposure (days engaged in each activity). These data are useful for a range of risk assessors, risk managers, resource managers, land use managers, and public policy makers in understanding what percentage of people might engage in different types of activities, and the frequency of this engagement.
Use data are often presented as a function of the total population, where exposure in terms of days/month includes the entire population. In terms of risk and exposure, and even for land use, it is important to know how often people use resources who do indeed use them. Thus, if less than 10% of the population gather herbs and berries, but that 10% does so 5 tor 7 days a month (as they do at Tennessee), then to average exposure over the entire population reduces the known exposure, and perhaps management to reduce exposure. This is especially true for situations in which natural resources (such as fish, berries, or game) might be contaminated and one objective is to understand the population that is maximally exposed. And it is even more important to understand maximum exposure for high risk populations, such as pregnant women exposed to mercury (e.g. for fish consumption).
While having data on exposure is critical for risk assessors, risk managers, and health professionals, such data are also useful for land managers who have limited resources to manage opportunities for recreational and subsistence activities on natural lands. Further, the similarities and differences among sites provide information for federal and regional managers to allocate resources.
